INTRODUCTION
One of the aims of health care and public health interventions is to reduce mortality from a specific disease. An important problem in the estimation of the effect that this will have on total mortality and on life expectancy is related to the concept of "competing causes of death." This concept refers to the simple fact that different causes of death are in competition for the death of each person. As Chiang has pointed out: "Every human is continuously exposed to many risks of death, such as cancer, heart disease, and tuberculosis. Because death is not a repetitive event and is usually attributed to a single cause, these risks compete with each other for the life of a person" ([l], p. 281).
Naturally, a reduction of the number of deaths from one cause will, in the short or long run, produce an increase of the number of persons who die from competing causes. This phenomenon of substitution is due to an increase in the number of persons exposed to the risk of dying from competing causes of death. Estimations can be made of the effect on total mortality and life expectancy by assuming that those who are saved from the eliminated cause have agespecific rates of dying from other causes which are equal to those observed for the population as a whole [2-61. Unfortunately, reality is more complex and simple substitution is not the only possible relationship between competing causes of death. Frequently, there will be dependency between causes of death, that is, persons who die from a specific cause will have higher (or lower) risks of dying from competing causes than are reflected in the average rates for the population as a whole [5-lo] . This is likely to occur, for example, if the eliminated cause and a competing cause have one or more risk factors in common. In such cases, the effects on total mortality and life expectancy will be smaller (or larger) than one would expect under the assumption of simple substitution.
Because the nature and strength of the associations with competing causes of death will differ between underlying causes of death, comparisons of effects on total mortality and life expectancy between different underlying causes of death are likely to be seriously biased.
While these general notions are well known among epidemiologists and demographers, empirical information which would allow the quantification of associations between causes of death is hardly available. One possible source of such information is routinely collected data on multiple causes of death, that is, on more than the underlying cause of death [ll-201.
In a previous study we showed that multiple cause of death data can indeed be used to study these associations [21] . A major limitation of this previous study is, however, that we had to rely on the standard coding practices for other than the underlying cause of death. These standard coding practices do not take into account whether other diseases mentioned on the death certificate are eligible for developing into a new underlying cause of death if the underlying cause would be eliminated, and are therefore far from satisfactory for our purpose. In this article we report on a study in which the information present in a large sample of death certificates was recoded in order to estimate the prevalence of competing causes of death at the moment of dying from specific underlying causes of death. Our main purpose is to see whether this prevalence varies by underlying cause of death.
MATERIALS AND METHODS
Data on the prevalence of competing causes of death were obtained for a random sample of 5975 certificates for deaths occurring in The Netherlands in 1990. This sample was stratified by four broad groups of underlying causes of death: neoplasms (30% of the sample), cardiovascular diseases (30%), respiratory diseases (20%), and other diseases (20%). Deaths due to ill-defined or external causes of death were excluded. The reason for exclusion of external causes is that their certification and coding differ considerably from those of "natural causes." Death certificates have a separate section for certifying external causes, and coding rules are also specific. This would have implied that we would have had to develop separate procedures for the recoding of competing causes present in persons dying of external causes, and that would have made our study too complicated. The first and third criteria specify the main characteristics of competing causes of death: independence from the underlying cause of death and the potential to become an underlying cause of death itself. The second criterion was added to exclude acute conditions such as influenza, whose presence implies an increased death risk for a short period only. The second part of the third criterion was added to include biological risk factors for disease, such as obesity and hypertension.
Although these risks factors do not, or only rarely, become an underlying cause of death, their presence implies an increased risk for the development of other diseases which in turn could lead to death.
This general rule was then developed into a standardized and efficient procedure for recoding individual death certificates. A list was made of all conditions which are frequently mentioned on death certificates and which therefore had a high likelihood of occurring in the sample. This list included all conditions for which, in The Netherlands in 1990, at least 100 cases occurred as an underlying cause of death, and/or at least 35 as a multiple (non-underlying) cause of death. Each of the 135 conditions on this list was classified in one of three categories: (1) never to be coded as competing cause of death; (2) to be coded as a competing cause of death unless it appears from other information on the death certificate that it does not fulfill all criteria; and (3) risk factor for the development of a fatal disease, always to be coded as a competing cause of death. To make a decision on conditions in category 2, the coders were allowed to use the following types of information on the death certificate: (1) the nature of the underlying cause of death; (2) the duration of the conditions mentioned on the death certificate; and (3) the sequence in which the conditions are mentioned on the death certificate. Before actually coding the 5975 death certificates, the coding procedure was tested on a test sample of 100 death certificates. Competing causes of death were classified according to the ED-9 classification. The coding was carried out by two of the authors. All cases where any doubt occurred were discussed in order to reach a common opinion.
The main objective of the analysis reported in this article, was to compare the prevalence rates of competing causes of death between underlying causes of death. Because the prevalence of competing causes of death is age-dependent, and the age distribution of deaths differs between underlying causes, adjustment of the prevalence rates was necessary. Poisson regression analysis was carried out with occurrence of a competing cause of death as the dependent variable and underlying cause (four categories in the main analysis reported in this article), age (four groups: O-54,55-69,70-79, and 80+), and sex as the independent variables. Because there are no natural reference categories for comparing prevalences of competing causes, all relative risks (RR) were calculated with the prevalence of the competing cause in the whole sample as the reference value. In addition to calculating 95% confidence intervals (CI), the overall statistical significance of variation in prevalence of a competing cause by underlying cause was assessed by adding this variable to a model already containing age and sex, and by comparing the resulting decrease in scaled deviance (given the loss of 3 degrees of freedom) with the chi-square distribution. The regression analyses were carried out with the GLIM package.
RESULTS
In the sample of 5975 certificates, 2762 competing causes of death were identified. This corresponds to 46.2 competing causes per 100 deaths. Because the sample was stratified by underlying cause and age, reweighting is necessary in order to estimate the prevalence of competing causes among all deaths in The Netherlands.
After reweighting on the basis of the national distribution of deaths by underlying cause (excluding ill-defined and external causes) and age the prevalence is 52.0 competing causes per 100 deaths. The variation in overall prevalence of competing causes by age, sex, and underlying cause of death is illustrated in Fig. 1 . The prevalence of competing causes of death increases up to the age group 70-79 years but then remains approximately constant.
For each age group, prevalence rates are low for deaths from neoplasms, intermediate for deaths from cardiovascular diseases, and high for deaths from respiratory diseases. The pattern by age and underlying cause of death is nearly identical for males and females.
Prevalence figures for specific competing causes of death are given in Table 1. For this table, competing causes of death were grouped into 37 categories which were important as competing cause of death (identified more than 20 times in the sample) and/or as underlying cause of death (more than 1000 deaths in The Netherlands in 1990).
Competing causes which were identified for more than 2% of all deaths are (in order of frequency): senile dementia, diabetes mellitus, ischemic heart disease, cerebrovascular disease, chronic obstructive lung disease, hypertensive disease, and arteriosclerosis.
Although the overall prevalence of competing causes as resulting from our special coding exercise is identical to that resulting from routine coding (ratio routine/special coding = 1 .OO), important discrepancies can be observed at the level of specific conditions. Competing causes for which the prevalence is seriously underestimated by routine coding (ratio routine/special coding ~0.50) include frequent conditions such as diabetes mellitus, senile dementia, and arteriosclerosis, On the other hand, routine coding seriously overestimates (ratio ~2.00) the prevalence of certain other competing causes of death, particularly conditions which are frequently certified as "immediate" causes of death such as pneumonia and influenza and other diseases of the respiratory system.
For further analysis, the 37 categories presented in Table  1 were combined into 12 groups with each group having more than 50 codings as competing cause of death. Table  2 presents information on variation by age group in the prevalence of these 12 groups of competing causes. Various age patterns are observed. Most competing causes of death have their peak prevalence in the 70-79 year age group, but diabetes mellitus, senile dementia, chronic obstructive lung disease, and nephritis and nephrosis have their highest prevalence above age 80. The single exception on the general rule of higher prevalences in older age groups is alcoholism, which as a competing cause of death is more frequent in the younger age groups.
Men and women have largely similar prevalences of competing causes of death (after controlling for differences inage distribution and underlying cause of death). There is a tendency for alcoholism, ischemic heart disease, and chronic obstructive lung disease to be more frequent among men, and for senile dementia to be more frequent among women (detailed results not shown).
Variation in age-and sex-adjusted prevalence of competing causes by main group of underlying cause of death is presented in Table 3 . The overall prevalence of competing causes is highest for respiratory diseases (RR = 1.42 (95% CI: 1.25-1.62)). This is the result of RRs exceeding 1 for many specific competing causes, but particularly senile dementia, other cardiovascular disease, and nephritis and nephrosis. Among deaths due to neoplasms as an underlying cause of death, the prevalence of competing causes is relatively low (for all competing causes together, RR = 0.54 (95% CI: 0.47-0.62)).
The RRs for all specific competing causes of death are below 1, with the exception of other cancers (RR = 1.09 (95% CI: 0.49-2.41)).
The prevalence of competing causes among deaths due to cardiovascular diseases as an underlying cause of death generally is close to the average for the whole sample, with the exception of the higher prevalences of certain precursors such as hypertenof common risk factors, could indeed be found in our matesive disease (RR = 2.70 (95% CI: 1.73-4.21)).
rial (Table 4) . On the basis of common relationships with Sample size in general does not permit studying associasmoking, associations could be expected to occur between, tions between specific underlying causes of death and spefor example, lung cancer as an underlying cause of death cific competing causes of death. For some relatively frequent and two out of the 12 groups of competing causes of death, underlying causes of death, however, we were able to check ischemic heart disease and chronic obstructive lung disease. whether associations which could be expected on the basis Given the very low RRs found for all neoplasms (Table 3) , "Ratio of the nulnber of times a code was assigned during routine coding and the number of times a code was assigned during special coding, the two RRs above 1 found for ischemic heart disease and chronic lung disease among persons dying from lung cancer (Table 4) are clearly in accordance with this expectation. The same applies to the other patterns of association documented in Table 4 .
DISCUSSION
Despite the widespread interest in competing causes of death, empirical information on interrelationships between causes of death is scarce. This study exploits the usefulness of one widely available source of information-death certificates-which not only registers the underlying cause of death and more immediate causes, but often in addition contains information on the presence of other diseases at the moment of death. We coded a sample of 5975 death certificates for the presence of diseases which according to a set of explicit rules could be considered as competing causes of death. The prevalence of such diseases was found to vary strongly by underlying cause of death. In general, relatively few competing causes of death were observed among deaths from neoplasms, and relatively many among deaths from respiratory diseases.
In a previous study we compared the prevalence of competing causes between underlying causes of death on the basis of multiple cause codes as assigned during routine cod- CI = confidence interval, NS = not significant, RR = relative risk. "For ICD-9 codes, see Table 1 . bRatios of the prevalence in a certain age-group and the prevalence in the whole sample, controlling for sex and underlying cause. 'Test based on reduction in scaled deviance following introduction of "age" into a regression model already containing sex and underlying cause. NS = p 2 0.05. 'p < 0.05. "p < 0.01.
ing by Statistics Netherlands
[21]. The rules used in routine coding do not aim at identifying competing causes as such, and as a result a certain number of competing causes are missed, while at the same time conditions are coded which cannot be considered to be competing. For example, during routine coding Statistics Netherlands did not include diabetes mellitus among its multiple (non-underlying) cause codes if it concerned a case of non-insulin-dependent diabetes mellitus (diabetes mellitus type II) in a person 70 years or older. We did consider these forms of diabetes mellitus to be competing causes of death, because in the case of elimination of the underlying cause (e.g., ischemic heart disease) the presence of diabetes mellitus is likely to shorten life expectancy, for example by increasing the risk of cerebrovascular disease [23] . On the other hand, routine coding does assign multiple (non-underlying) cause codes to conditions which are frequently certified as "immediate" causes of death such as pneumonia and influenza. The net effect of all these under-and overestimations is that routine coding underestimates differences between underlying causes of death in the prevalence of competing causes. In our previous article we reported a 22% lower than average prevalence of competing causes among deaths from neoplasms [21] . Although this estimate was based upon information on a carefully selected subgroup of multiple causes only (after exclusion of "immediate" causes), the relative risk as obtained OFor ICD-9 codes, see Table I . 'Ratios of the prevalence in one underlying cause group and the prevalence in the whole sample, controlling for age and sex. 'Test based on reduction in scaled deviance following introduction of "underlying cause of death" into a regression model already containing age and sex. NS = p 2 0.05. 'p < 0.05. "p < 0.01. in our present study (0.54, Table 3 ) corresponds to an even lower prevalence.
Although coding according to explicit rules is likely to have increased the validity of our findings, this validity ultimately depends upon the quality of the information present on death certificates. There are good reasons to believe in an underregistration of competing causes of death [24, 25] , both because of the lack of care with which these certificates are frequently completed, and because of the fact that the death certificate has never been designed to elicit explicit information on competing causes of death. It has been designed to identify the underlying cause of death, and information on other conditions is only asked for insofar as these contribute to death. Not all competing causes present at the time of dying may actually have contributed to death at that time, and physicians would be completely correct in not mentioning such a condition on the death certificate.
One finding which at first seems to be due to registration problems is that the observed prevalences do not rise after the age of 80 years ( Figure 1 ). This stagnation contrasts with the conventional idea that co-morbidity increases steadily with age [26] . One explanation may be that physicians feel it is not necessary to provide an extensive explanation of the death of very old patients. However, both a British and an American study found that the completeness of registration of associated causes of death does not decrease with increasing age [24, 25] . Therefore, the suggestion from our data that the prevalence of competing causes of death does not increase after the age of 80 years may be real, and deserves further study.
For the present study, the main concern is whether the degree of underreporting varies by underlying cause of death, because such differential underreporting would produce artificial associations between causes of death. We will discuss two possible cases.
Biological risk factors and precursors: The results from this study are in accordance with the expectation that, for example, deaths from ischemic heart disease show a relatively high prevalence of diabetes mellitus, hypertension, and arteriosclerosis.
It may be suspected, however, that the reporting of these risk factors and precursors is more complete among ischemic heart disease deaths than among cancer deaths, for example, because physicians may be inclined to mention these conditions only when they are associated with the underlying cause of death and thus contributed to death. Therefore, death certificate data might overemphasize the strength of associations between some underlying causes of death and their risk factors and precursors.
Neoplasms as the underlying cause: The question should be addressed whether the most notable finding of our study, the low prevalence of competing causes among cancer deaths, is due to underreporting.
It might be argued that co-morbidity among cancer deaths is underreported if certifiers feel that death from such a straightforward cause does not need an extensive justification.
On the other hand, one could also argue that the extensive diagnostic procedures to which cancer patients are subjected will detect other disease which go unnoticed in patients dying from other underlying causes, such as an acute myocardial infarction. This issue remains a matter of speculation as long as studies of the validity of death certificate data on competing causes of death are not carried out.
Thus, the possibility cannot be excluded that some of the observed associations can in part be attributed to differential underregistration of competing causes of death. Results have to be interpreted with caution as long as studies of the validity of death certificate data on competing causes of death are not carried out. Despite these reservations, however, a number of associations between specific underlying causes and specific competing causes as reported in this article (Table 4 ) is difficult to attribute to differential underreporting, and suggests that there also may be some truth in the overall patterns.
The existence of associations between competing causes of death has major implications for estimates of the potential mortality effect of ongoing or planned health care and public health interventions.
Among persons that would be saved by such interventions the prevalence of competing causes is likely to be higher than among the general population, because of the many interrelationships between different conditions. Unfortunately, we have no good data on the prevalence in the general population of the conditions studied as competing causes in this article, so that a direct comparison is impossible. Nevertheless it is probably wise to consider all conventional estimates of gains in life expectancy after elimination of a certain underlying cause of death as overestimates of the gains in life expectancy which can truly be expected.
Equally important, however, is the fact that the degree of overestimation is likely to be different between underlying causes of death. The results of our study suggest that the prevalence of competing causes differs substantially between neoplasms, cardiovascular diseases, and respiratory diseases as underlying causes of death. These differences imply that conventional estimates of gains in life expectancy after elimination of respiratory diseases are overestimated to a larger extent than gains in life expectancy after elimination of cardiovascular diseases, while the latter are more overestimated than gains in life expectancy after elimination of neoplasms. These conventional estimates therefore are likely to produce a seriously biased picture of the relative importance of inteventions against neoplasms, cardiovascular diseases, and respiratory diseases, respectively.
